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Efficient and inexpensive bio adsorbent for the removal
of Safranine: Kinetic and Isotherm study

ABSTRACT

Alstonia Scholaris leaves after treatment with 0.01 M NaOH was used for the adsorptive removal of
safranine. As the initial safranine concentration increases from 20 mg/L to 80 mg/L the dye removal
increases up to 91 % in 60 min contact time at optimum pH of 8. Pseudo second order model and
Freundlich isotherm was followed by the adsorption experimental data.
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1. INTRODUCTION

India is a developing country and with the development in the industrial sector like paper,
pulp, leather and textile the consumption of synthetic dyes is also increases, though at most
care were taken by these industries, some of the dyes and pigments residues likely to be
present in the effluents. The presence of synthetic dyes in traces can affect the aquatic and
human life [1]. Most of the synthetic dyes have carcinogenic and mutagenic effects [2].
Various chemical, physical and biological methods were used to remove hazardous material
from water. Due to the non-biodegradable nature of some of the dyes, the microbial
degradation methods have limitation [3]. The chemical and physical methods like adsorption
[4], oxidation, ozonolysis, chemical and photochemical destruction [5], coagulation, filtration.
From the above methods adsorption method is mostly applied due its cost effective and
simplicity [6]. Activated charcoal is the best adsorbent but it is not cost effective so researcher
preferably uses low cost adsorbent form the waste material like Gmelina aborea [7],
pomegranate peel [8] mango leaf powder [9].

Alstonia Scholaris is commonly called as saptaparni or devil plants grown in different parts of
India and easily available. Various adsorbent were reported for the removal of safranine such
as Snail Shell [10], soybean hull [11], zeolites [12], red mud [13], Citrus reticulata peels[14]

etc. Safranine is a cationic dye also known as cotton red, the specification are given in tablel
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Fig. 1 Chemical structure of Safranine




Tablel Specification of Safranine

Molecular Formula CyoH1gN4ClI
Molecular Weight 350.85
A max (nm) 521

So in the present adsorption study, the effectiveness of leaves powder after treatment with
NaOH was investigated. The data was analyzed for kinetic and isotherm model

2. MATERIALS AND METHODS

All chemicals were purchased from Loba Chemie Pvt Ltd. India and were used without
further purification. Elico double beam spectrophotometer SL-210 was used to determine the
absorbance. Equiptronics pH meter and Remi stirrer was used. 0.1 M NaOH and 0.1M HCI
were used to adjust the pH. The dried leaves of Alstonia Scholaris were collected from the
institute, grinded and washed with water. The powder was treated with 0.01 M NaOH solution
and washed with water till the pH is neutral. The residue was dried in a hot air oven overnight
and used for as an adsorbent. By measuring absorption at 521 nm and with the help of
standard curve the concentration of Safranine was determined.

The milligram of Safranine dye on adsorbent (qe) was determined using the following
equation

(C;—cC,)
*="yw v
Where C; and C; were concentration of Safranine, v is volume of dye solution and w is weight
of adsorbent
To determine the optimum condition of adsorption, the adsorption study was performed using
batch adsorption method. In this 25 mL dye solution was taken in 100 mL flask and stirred

with 0.05 g of adsorbent powder for specific time.

3. Result and Discussion
3.1 Effect of Initial Amount of Adsorbent
The effect of adsorbent dose was assessed by altering the adsorbent dose from 0.02 to
0.15 g. The result shows that the percentage removal of Safranine increases with
increase in the initial amount of adsorbent (77 to 89 %) (as shown in Fig 2). The increase
in the initial adsorbent dose increases the site for adsorption thus increases the
percentage removal.
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Fig. 2 Effect of amount of adsorbent
3.2 Effect of Initial pH
The initial H" ion concentration (pH) mostly affect the dye adsorption process [15]. It has
been observed from experimental result that the increase in pH increases the dye



adsorption, this trend is observed up to pH 8, and further increase in pH decreases the
removal. (Fig. 3)
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Fig.3. effect of initial pH
3.3 Effect of initial dye concentration and contact time
Batch adsorption study was performed by altering initial dye concentration (20 mg/L, 40
mg/L, 60 mg/L and 80 mg/L) and contact time at optimum pH with 0.1 g of adsorbent
With increase in initial dye concentration and contact time the percentage removal
increases up to 91% this may be due to mono layer formation [16]
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Fig4. Effect of initial dye concentration and contact time
3.4 Kinetics Studies
The experimental data was studied by applying three kinetic model viz. pseudo first order
model, pseudo second order model and Elovic model
The following equation were used

kat
log(g. —q.) =logq. —

Where k; is the pseudo first order rate constant and the value is determine from a plot of
log(ge-qy) versus t.

Te=4In(ap)+5In 1) (Elovic model) [17]

(pseudo first order equation) [16]

The elovic parameters were determined from the plot of gt versus Int
1 .
d +L (pseudo second order equation) [18]
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K, is pseudo second order rate constant, the values were determined from a plot of t/q;
versus t
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Fig.5 pseudo second order plot
The above parameters were represented in table 2

Table 2. Parameters for pseudo first-order , pseudo second-order adsorption and Elovic model

Dye | First order Second order Elovich model
Con
C.
(rqg K1 Qe(exp) Qe(cal) Rz K2 qe(exp) Qe(cal) Rz B a R2
L)
(min™) (mg | (mgg (min- (mg | (mg (mg | (mggf
9) ) ) 9) 9) 9) min~)
8.158 0.956 | 0.067 | 8.158 | 8.389 | 0.999 | 1.516 | 4.677 | 0.967
20 | 0.0859 | 9 2.6224 5 519 2 7 9 5 2
17.30 0.026 | 17.30 | 17.85| 0.999 | 0.721 | 9.767 | 0.942
40 | 0.0773 | 6 5.6636 | 0.895 8|6 7 3 2 6 5
26.40 | 4.8350 | 0.860 | 0.028 | 26.40 | 26.88 | 0.999 | 0.796 | 61.84
60 | 0.0660 | 9 3 1 819 1 6 5 1] 0.911
0.0700 | 36.77 0.961 | 0.018 | 36.77 | 37.59 | 0.999 | 0.452 | 40.19 | 0.974
80 118 8.1583 7 0|8 3 7 3 6 3

It has been observed from the R2 values that the most suitable kinetic model for present
study is the pseudo second order kinetic model. Similar trend was observed in the
literature [17-19]

3.5 Adsorption isotherm
The three isotherm model viz. Temkin isotherm, Langmuir isotherm and Freundlich
isotherm were applied for the present study.
The following equations were used

Qe=5ina+zinc, Temkin isotherm [10]
The Temkin parameters A and B were determined from the plot of g, versus In c,

fe — L . L | angmuir isotherm [20]
] T Bgm

The Langmuir constant g, and b were determined from a plot of Ce/qe versus Ce




log g, = (1/n)logC, + logk; Freundlich isotherm [21]

The values of n and k; were depermined from plot of log g. versus log C,
Table 3 Adsorption isotherm parameters

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm

b Om R? n Kfmgg?) |R? A B R

(L mg-1) (mg g-1) (L mg-1) (J mole-1)

-11.952 4.9504 0.8926 -2.9403 | 4.6387 0.9938 | 4.2975 -35.366 0.9711
From the values of R it has been observed that the present study follows Freundlich
isotherm model.

4. Conclusion

The 91% removal of Safranine was observed at optimum pH 8, 80 min contact time with 80
mg/L dye concentration. The present experimental data follows pseudo second order kinetic
model and Freundlich isotherm model. Alstonia Scholaris leaves powder after alkali treatment
can be used as cheap and efficient adsorbent for the removal of safranine

References

1 Chowdhury S, Saha P, Adsorption Kinetic Modeling of Safranin onto Rice Husk
Biomatrix Using Pseudo-first- and Pseudo-second-order Kinetic Models: Comparison of
Linear and Non-linear Methods, Clean-Soil Air Water(2011) 39, 274,
https://doi.org/10.1002/clen.201000170

2 Mathur N, Bhatnagar P, Mutagenicity assessment of textile dyes from Sanganer
(Rajasthan), Journal of Environmental Biology (2007) 28,1,123.

3 Garg VK, Gupta R, Bala Yadav A, Kumar R, Dye removal from aqueous solution by
adsorption on treated sawdust. Bioresource Technology. (2003), 89, (2):121.
doi:10.1016/s0960-8524(03)00058-0. PMID: 12699929.

4 Yagub MT., Sen TK, Afroze S, Ang HM, Dye and its Removal from aqueous solution by
Adsorption: A review, Advances in Colloid and Interface Science (2014), doi:
10.1016/j.cis.2014.04.002

5 Katheresan V, Kansedo J, Lau SY, Efficiency of Various Recent Wastewater Dye
Removal Methods: A Review, Journal of Environmental Chemical Engineering (2018),
https://doi.org/10.1016/j.jece.2018.06.060

6 Dutta S, Gupta B, Srivastava SK, Gupta AK, Recent advances on the removal of dyes
from wastewater using various adsorbents: a critical review, Materials Advances (2021),
2,4497, https://doi.org/10.1039/d1ma00354b

7 Bello OS, Alabi EO, Adegoke KA, Adegboyega SA, Inyinbor AA, Dada AO, Rhodamine
B dye sequestration using Gmelina aborea leaf powder, Heliyon (2019), 5,
https://doi.org/10.1016/j.heliyon.2019.e02872

8 Ghibate R, Senhaji O, Taouil R, Kinetic and thermodynamic approaches on Rhodamine
B adsorption onto pomegranate peel, Case Studies in Chemical and Environmental
Engineering (2021),3,100078 https://doi.org/10.1016/j.cscee.2020.100078

9 Khan TA, Sharma S, Ali I, Adsorption of Rhodamine B dye from aqueous solution onto
acid activated mango (Magnifera indica) leaf powder: Equilibrium, kinetic and
thermodynamic studies, Journal of Toxicology and Environmental Health Sciences(2011)
3,10,286

10 Zwier FB, Al-Da‘'amy MA, Kareem ET, Snail Shell (Rostellariella) as a Low Cost
Adsorbent for Safranine Dye Removal from Aqueous Solution, Baghdad Science Journal,
2024, 21(4): 1296-1305, https://doi.org/10.21123/bsj.2023.8311

11 Chandane V, Singh VK, Adsorption of safranin dye from aqueous solutions using a
low-cost agro-waste material soybean hull, Desalination and Water Treatment (2014)
http://dx.doi.org/10.1080/19443994.2014.991758




12 Abukhadra MR, Mohamed AS, Adsorption Removal of Safranin Dye Contaminants
from Water Using Various Types of Natural Zeolite, Silicon,
https://doi.org/10.1007/s12633-018-9980-3

13 Sahu MK, Patel RK, Removal of safranin-O dye from aqueous solution using modified
red mud: kinetics and equilibrium studies, RSC Advances, (2015),
https://doi.org/10.1039/c5ral15780c

14 Januério EFD, Tay Vidovix TB, de Araujo LA, Beltran LB, Bergamasco R, Vieira AMS,
Investigation of Citrus reticulata peels as an efficient and low-cost adsorbent for the
removal of safranin orange dye, ENVIRONMENTAL TECHNOLOGY (2021)
https://doi.org/10.1080/09593330.2021.1946601

15 Abukhadra MR, Mohamed AS, Adsorption Removal of Safranin Dye Contaminants
from Water Using Various Types of Natural Zeolite, Silicon,
https://doi.org/10.1007/s12633-018-9980-3

16 Kaur S, Rani S, Mahajan RK, Asif M, Gupta VK, Synthesis and adsorption properties
of mesoporous material for the removal of dye safranin: Kinetics, equilibrium, and
thermodynamics, Journal of Industrial and Engineering Chemistry, (2014),
http://dx.doi.org/10.1016/j.jiec.2014.06.019

17 Ghosh I, Kar S, Chatterjee T, Bar N, Das SK, Adsorptive removal of Safranin-O dye
from aqueous medium using coconut coir and its acid-treated forms: Adsorption study,
scale-up design, MPR and GA-ANN modeling, Sustainable Chemistry and Pharmacy 19
(2021) 100374, https://doi.org/10.1016/j.scp.2021.100374

18 S, Faraji M, Yamini Y, Rajabi AA, Fe304 magnetic nanoparticles modified with sodium
dodecyl sulfate for removal of safranin O dye from aqueous solutions, Desalination 270
(2011) 160-165, http://dx.doi.org/10.1016/j.desal.2010.11.040

19 Addad ME, Regti A, Slimani R, Lazar S, Assessment of the biosorption kinetic and
thermodynamic for the removal of safranin dye from aqueous solutions using calcined
mussel shells, Journal of Industrial and Engineering Chemistry 20 (2014) 717-724,
http://dx.doi.org/10.1016/j.jiec.2013.05.038

20 Mohamed F, Abukhadra MR, Shaban M, Removal of safranin dye from water using
polypyrrole nanofiber/Zn-Fe layered double hydroxide nanocomposite (Ppy NF/Zn-Fe
LDH) of enhanced adsorption and photocatalytic properties, Science of the Total
Environment 640—641 (2018) 352—-363, https://doi.org/10.1016/j.scitotenv.2018.05.316
21 Ghaedi M, Hajjati S, Mahmudi Z, Tyagi |, Agarwal S, Maity A, Gupta VK, Modeling of
competitive ultrasonic assisted removal of the dyes — Methylene blue and Safranin-O
using Fe304 nanoparticles, Chemical Engineering Journal 268 (2015) 28-37,
http://dx.doi.org/10.1016/j.cej.2014.12.090



